INTRODUCTION {#s1}
============

Total hip arthroplasty (THA) is widely performed for the purpose of alleviating pain and improving activities of daily living (ADLs). It is important to repair the hip center and lever arm that cause decreased mechanical efficiency due to hip deformity and to improve mechanical efficiency when reconstructing hip joint function[@r1], [@r2]^)^. Hip abductor muscle strength after THA is known to be affected by the height of the hip center[@r3],[@r4],[@r5]^)^, femoral offset (FO), and the gluteus medius lever arm[@r1], [@r5]^)^. Asayama and Chamnnongkich[@r5]^)^ examined osteoarthritis (OA) patients with at least 1.6 years of postoperative follow-up after THA, and they demonstrated that the ratio of hip abductor muscle strength of the reconstructed side to that of the unoperated side was strongly and positively correlated with the ratio of FO to body weight lever arm and negatively correlated with the height of the hip center.

Concerning THA and leg strength, it has been shown in patients scheduled for THA that preoperative hip abductor muscle strength is 31% less than that in healthy individuals, and that preoperative hip abductor muscle strength is not correlated with physical activity[@r6]^)^. Additionally, hip abductor muscle strength and total workload at 5 months after THA are 56% and 20% of the levels of community dwelling elderly people, respectively, indicating a marked difference between the patients with THA and elderly people[@r7]^)^. Moreover, patients who have undergone THA have residual muscle atrophy of the quadriceps and do not show recovery in quadriceps muscle strength[@r8]^)^. Furthermore, it has also been reported that the hip abductor muscle strength on the reconstructed side only recovers to about 80% of that on the unoperated side at both 6 months and 2 years postoperatively[@r9]^)^. In patients with unilateral developmental dysplasia of the hip (DDH) scheduled to undergo THA, Liu and Wen[@r10]^)^ reported that cross-sectional area of the gluteus medius was significantly smaller, and that the FO and gluteus medius lever arm were also significantly decreased on the reconstructed side vs. the unoperated side; they speculated that a greater length of time may be required for postoperative muscle strength recovery when considering the changes in gluteus medius. Clinically, even though the artificial joint placement site and the lever arm are properly configured, many patients have a prolonged decrease in muscle strength. Previous studies[@r6],[@r7],[@r8],[@r9],[@r10]^)^ have demonstrated that hip abductor muscle strength does not recover to the level of the unoperated side or of older people in the geographic region at 5 to 6 months after THA surgery, and it has therefore been postulated that multiple factors aside from mechanical factors are involved in the prolonged decrease of muscle strength. The purpose of this study was to compare the artificial joint lever arm, which is a mechanical factor related to postoperative hip abductor muscle strength, and other factors that are considered to potentially affect postoperative hip abductor muscle strength, including preoperative hip abductor muscle strength, the amount of subluxation of the hip, age[@r11], [@r12]^)^, body mass index (BMI)[@r11], [@r12]^)^, duration of disease[@r13]^)^, physical activity[@r6], [@r12]^)^, compliance rate with exercise, and mental state[@r14], [@r16]^)^, and to elucidate the relative importance of factors affecting hip abductor muscle strength during the first 6 months after surgery.

SUBJECTS AND METHODS {#s2}
====================

A total of 103 females with osteoarthritis scheduled for primary unilateral total hip arthroplasty were eligible. All surgeries were performed by, or under the supervision of, one co-author (KH). The anterolateral approach was used for all patients. This procedure was reported by Berger[@r17]^)^. The procedure takes off 20--25% of the gluteus medius and uses a shorter incision. The skin incision was less than 10-cm long. After setting the femoral and acetabular components, the gluteus medius and the gluteus minimus were completely re-attached to the greater trochanter. Exclusion criteria were as follows: patients with Charnley classes B and C; rheumatoid arthritis; osteonecrosis; previous surgery on the affected hip; disorders of the nervous system and muscles; depression; or a schizophrenic disorder. Recruitment was conducted at the Shonan Joint Reconstruction Center from May 3, 2013 to February 6, 2014. The follow-up was conducted 2 and 6 months after surgery from August 3, 2013 to September 6, 2014. The Tokushukai Group Ethics Committee approved the study protocol (ID: TGE00304-115). The intervention procedures were fully explained to all participants, and their written, informed consent was obtained. There were not any financial and personal relationships with other people or organizations that could inappropriately influence or bias present work.

The patients were permitted full-weight bearing on the day of surgery, but compound motion of the hip (combined hip flexion 90°, hip adduction, and hip internal rotation) was contraindicated to prevent dislocation of the hip. The standard physical therapy pathway involved patients ambulating with a walker-cane on the morning after surgery, a single cane on postoperative day (POD) 3, and ascending and descending stairs on POD 5. Patients who were able to walk with a single cane and ascend and descend stairs independently were discharged home.

Evaluations were conducted in the preoperative period and 2 and 6 months after surgery. Investigators determined muscle strength (isometric hip abductor strength), radiographic analyses (Crowe class, postoperative femoral offset (FO), height of the hip center (HC)), Frenchay Activities Index (FAI), compliance rate with home exercise, and the Japanese Orthopaedic Association Hip-Disease Evaluation Questionnaire (JHEQ). Demographic data were collected from clinical records and included: age, body mass index (BMI), diagnosis, disease duration, co-morbidity index, and the Harris hip score.

Isometric hip abductor strength measurements were performed in all patients using a handheld dynamometer (MicroFET2, Hoggan Health Industries, Salt Lake City, UT, USA) in the supine position. A handheld dynamometer was placed lateral to the fibula 2.5 cm proximal to the malleolus. The torque and body weight ratio (Nm/kg) were measured using the spina malleolar distance and body weight. Three trials at maximum effort were performed, and the highest value was used for the analysis.

Anteroposterior radiographs of the pelvis were taken on the day of examination preoperatively and 2 months after surgery. The amount of hip subluxation in the preoperative period was evaluated using the Crowe class[@r18]^)^, and quantitative assessment was also performed (Crowe %). Using the inferior margin of each tear drop as the reference line, the ratio of the distance from the reference line to the top of the femoral head on the unaffected side and the distance from the reference line to the head neck junction on the affected side was calculated ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Crowe class. Using the inferior margin of each tear drop as the reference line, the ratio of the distance from the reference line to the top of the femoral head on the unaffected side (A: solid bar) and the distance from the reference line to the head neck junction on the affected side (B: stripe bar) was calculated (B/A×100).). For convenience, primary hip osteoarthritis was treated as Crowe type I and Crowe 0%.

FO was measured postoperatively. FO was defined as the length of a perpendicular line from the line of the axis of the femur to the center of the femoral head of the prosthesis. The body-weight lever arm (BWLA) was defined as the distance from the center of the femoral head to the line of the center of gravity ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Femoral offset and body weight lever arm. The ratio of FO (white bar) and BWLA (solid bar) was calculated (FO %).). The ratio of FO and BWLA was calculated (FO %).

HC was measured postoperatively. HC was defined as the length of a perpendicular line from the center of the femoral head of the prosthesis to the reference line connecting the inferior margin of each tear drop. The definition of a high hip center was 2 cm or more above the anatomical HC[@r19]^)^.

Physical activities were measured by the FAI[@r20], [@r21]^)^. Physical activities were defined as regular activities in the ADL setting 3 months before the onset of this study. The FAI evaluates the frequency and intensity of physical activities in the ADL setting. The FAI score (0--45 points) ranges from 0 points for a sedentary life style to 45 points for a very active life style.

Home exercises were explained at the time of discharge. Patients were told to do home exercises and to complete the self-report sheet every day for 2 months after surgery. They were also asked to collect the self-report sheets at the end of the postoperative period (2 months after surgery). The compliance rate with exercises was calculated based on the performance of exercise sessions. Home exercises consisted of a 3-exercise menu: clamshell exercise, hip raise exercise, and hip abduction exercise. Each exercise session consisted of 1 set of 20 repetitions in the supine position.

Psychological status measurements of all patients were performed using the JHEQ mental score, a sub-scale of the JHEQ[@r22]^)^, which is a self-administered questionnaire that can be useful in patients who frequently engage in deep flexion of the hip joint due to lifestyle and culture. The JHEQ mental score contains these question items: anxiety, irritation, dissatisfaction, and difficulty participating in activity or the local community.

Statistical analyses were conducted by a co-investigator (JA) who was independent from the recruitment, intervention, and data collection. The minimal sample size for the stepwise multiple regression analysis to examine significant factors (α=0.05, power=0.95, effect size=0.4) was calculated. Additionally, assuming a 1% dislocation rate after THA, a 1% dropout rate was set; 66 participants were required.

Factors related to isometric hip abductor muscle strength 2 and 6 months after surgery were examined by stepwise multiple regression analysis. The dependent variable was isometric hip abductor muscle strength 2 and 6 months after surgery. Independent variables were age, BMI, disease duration, FO, Crowe %, isometric hip abductor muscle strength in the preoperative period, compliance rate with home exercise at 2 months after surgery, FAI at 2 or 6 months after surgery, and the JHEQ mental score at 2 or 6 months after surgery. For all statistical tests, p*\<*0.05 was considered significant.

All data were analyzed using SPSS software (version 21, IBM, Chicago, IL, USA).

RESULTS {#s3}
=======

Six participants were unable to complete the study after surgery because of alteration of the surgical procedure (n=1), perioperative femoral fracture (n=1), other limb fracture after surgery (n=1), depression (n=2), and did not attend follow-up examinations (n=1); thus, 97 participants were included in the analysis ([Table 1](#tbl_001){ref-type="table"}Table 1.Demographic data of the patientsVariablemean ± SDNumber of patients97Age (years)62.2 ± 8.4Body mass index at pre-operative period (kg/m^2^)23.4 ± 3.7Diagnosis (secondly OA due to hip dysplasia: primary OA)94: 3Co-morbidity Index (score)0.3 ± 0.6Disease duration (years)9.1 ± 9.9Crowe % (amount of subluxation of the hip)21.1 ± 2.1Crowe class (type I: II: III: IV)75: 21: 1: 0OA: osteoarthritis).

Femoral prostheses used included the M/L Taper with Kinectiv stem (straight neck: 56, anteverted neck: 1, retroverted neck: 2) (Zimmer Warsaw, IN, USA) in 59 patients, a Trabecular metal primary hip prosthesis stem (Zimmer) in 22 patients, and an SL-PLUS stem (Smith & Nephew Andover, MA, USA) in 16 patients. Femoral head diameter was 26 mm in 38 patients, 28 mm in 52 patients, 32 mm in 6 patients, and 36 mm in 1 patient. No patient had a high hip center. The height of the hip center was within 1.2 cm of the anatomical hip center in all patients.

Chronological changes are shown in [Table 2](#tbl_002){ref-type="table"}Table 2.Chronological changes in the pre- and postoperative periodsEvaluated measuresPreoperative periodPostoperatively\
2 monthsPostoperatively\
6 monthsHarris Hip Score (point)60.5 ± 12.977.8 ± 6.886.9 ± 6.5Hip abductor muscle strength (Nm/kg)0.61 ± 0.180.72 ± 0.190.83 ± 0.26Femoral offset %43.9 ± 7.2JHEQ mental score10.4 ± 6.216.9 ± 6.620.0 ± 6.1Frenchay Activities Index29.3 ± 6.623.3 ± 7.329.8 ± 5.6Compliance rate of home exercise86.8 ± 18.9. Significant factors related to isometric hip abductor muscle strength at 2 months after surgery were, in extraction order: 1. isometric hip abductor muscle strength in the preoperative period (β=0.467, p\<0.05); 2. BMI (β=−0.291, p\<0.05); and 3. JHEQ mental score at 2 months after surgery (β=0.212, p\<0.05) ([Table 3](#tbl_003){ref-type="table"}Table 3.Factors related to hip abductor muscle strength at 2 months and 6 months after surgeryIndependent variableStandard partial regression coefficient (β)RR^2^Included factors (2 months after surgery)Hip abductor muscle strength at preoperative period0.4670.5500.303 \*BMI−0.2910.6070.369 \*JHEQ mental score at postoperatively 2 months0.2120.6430.413 \*Included factors (6 months after surgery)Hip abductor muscle strength at preoperative period0.4430.5320.283 \*BMI−0.2860.6040.364 \*JHEQ mental score at postoperatively 6 months0.1980.6350.403 \*\*p\<0.05). Significant factors related to isometric hip abductor muscle strength at 6 months after surgery were, in extraction order: 1. isometric hip abductor muscle strength in the preoperative period (β=0.443, p\<0.05); 2. BMI (β=−0.286, p\<0.05); and 3. JHEQ mental score at 6 months after surgery (β=0.198, p\<0.05) ([Table 3](#tbl_003){ref-type="table"}). There was no variance inflation factor in the stepwise multiple regression analysis. In addition, Delp and Wixson[@r19]^)^ reported that a 2-cm superior positioning of the hip center, without lateral placement, does not have major adverse effects on hip abductor muscle strength. Accordingly, this study did not examine the effect of HC on hip abductor muscle strength.

DISCUSSION {#s4}
==========

Previous reports on predicting hip abductor muscle strength after THA can be roughly classified into two types: reports related to lever arm, which is at the core of reconstructing hip function[@r1],[@r2],[@r3],[@r4],[@r5]^)^, and reports concerning preoperative physical function or demographic data[@r6], [@r11],[@r12],[@r13],[@r14],[@r15],[@r16]^)^. While there are many reports on factors involved in hip abductor muscle strength, there are no reports on the relationships among these factors, and in order to prevent the prolongation of decreased hip abductor muscle strength, it is necessary to elucidate which factors are involved in such prolongation and to preferentially address the issues pertaining to these factors.

In the present study, the same factors were related to hip abductor muscle strength at 2 months and at 6 months after surgery, and the order in which they were extracted was also the same. Preoperative hip abductor muscle strength was extracted as the most significant factor, while the postoperative compliance rate with exercise was not a significant factor. Jan and Hung[@r23]^)^ conducted a 3-month study concerning postoperative voluntary training primarily involving antigravity exercise and walking, and they reported that functional improvements can be expected even at 18 months post-THA, as long as the compliance rate with exercise is ≥50% and the hip abductor muscle strength has improved. The compliance rate with exercise in the present study was high, at 86.8 ± 18.9% at 2 months postoperatively; however, this was not extracted as a factor, possibly because exercise tasks were lower in load compared to previous studies. The present results also indicated that it is important to focus on muscle strengthening exercises from the preoperative stage in order to efficiently achieve postoperative hip abductor muscle strength. However, Rooks and Huang[@r24]^)^ conducted a 6-week, pre-THA exercise therapy regimen primarily using muscle strength training machines (\~10 RM: 10 times repetition maximum) and pool exercises, and they reported that, while the physical functioning score on the SF-36 improved, gross extensor muscle strength did not improve. Further investigations are necessary to identify a method to efficiently improve preoperative hip abductor muscle strength.

BMI was extracted as the second most significant factor. Obese patients needed higher torque of hip abductor muscle strength compared with thin patients because hip abductor muscle strength: torque and the body weight ratio were measured using the spina malleolar distance and body weight. This indicates that obese patients are at a disadvantage for gaining appropriate muscle strength. However, it may not be considered effective to encourage patients to lose weight before surgery.

The JHEQ mental score was extracted as the third most significant factor. It has been reported that depression after THA is involved in increased perioperative adverse events[@r25]^)^ and ADL limitations at two years postoperatively[@r26]^)^, and it increases the risk of early revision surgery[@r27]^)^. It is postulated that the JHEQ mental score not only affects postoperative hip abductor muscle strength, but it also has a mutual relationship, in that a prolonged decrease in muscle strength affects the patients' mental state, such as self-efficacy[@r28]^)^. To intervene for the patients' mental state[@r29], [@r30]^)^, it is important to encourage the patients' self-efficacy for activity and social participation through improving hip abductor muscle strength. Additionally, for patients who experience anxiety or frustration about postoperative living, it is necessary to establish initiatives to encourage self-efficacy, including peer counseling by patients who have previously undergone THA and do not experience problems in everyday life[@r31]^)^.

Contrary to the authors' expectations, FO was not extracted as a factor affecting postoperative hip abductor muscle strength. Tezuka and Inaba[@r32]^)^ reported that increasing FO together with shifting the hip center medially and distally is effective in hip abductor muscle strength recovery. In contrast, Bjørdal and Bjørgul[@r33]^)^ reported that increased FO did not affect hip function, consistent with the present findings. At 2 months after surgery in the present study, the standard deviation of the mean was smaller for FO than for hip abductor muscle strength (16.4% vs. 26.4%). From this perspective, it is postulated that FO was not extracted as an influencing factor because FO was constructed with consideration of its effects on hip abductor muscle strength, resulting in such effects becoming homogeneous.

The limitations of this study are as follows. First, preoperative femoral neck anteversion was not measured. However, of the study patients, 77.3% had Crowe class I, 21.6% had type II, and only one patient had type III. The Kinectiv was used in patients with dysplasia, a condition in which anteversion anomaly is a concern. A retroverted neck was used in patients with excessive anteversion, only 2 cases (2/59), and a straight neck was used in the majority of patients. Based on this information, the differences between each patient in neck anteversion after THA probably had a minimal effect on postoperative hip abductor muscle strength. Second, compliance rates with home exercise were checked by the self-report sheet; postoperative exercises after discharge were not performed under the supervision of a physical therapist in the present study.

As conclusion, the effects of FO, as well as preoperative and postoperative factors, on hip abductor muscle strength were investigated during the first 6 months after THA. The same factors were related to hip abductor muscle strength at 2 months and 6 months after surgery, and the order of extraction was: 1. preoperative hip abductor muscle strength; 2. BMI; and 3. JHEQ mental score. FO was not extracted as a significant factor related to postoperative isometric hip abductor strength.
